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DISCLAIMER

The statements and conclusions in this Report are those of the contractor and not
necessarily those of the California Air Resources Board. The mention of commercial
products, their source, or their use in connection with material reported herein is not to be
construed as actual or implied endorsement of such products.
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ABSTRACT

The California Air Resources Board (CARB) is responsible for compiling a statewide
air pollutant emissions inventory and improving the inventory as necessary to meet its
objectives and those of its emissions inventory clients (e.g., local air quality districts). As
part of this process, CARB requires a comprehensive, up-to-date list of air pollution
controls that are used for reducing emissions from point sources and the accompanying
range of control efficiencies typically achieved for each pollutant. Among other uses, this
information is used by CARB and local air district staff during the evaluation of permit
applications and emission inventory reporting.

By 1997, the point source control listing that was in use by CARB and the districts
had become out of date (e.g., newer controls were not represented, ranges of control
efficiencies were overly broad). To update this listing, a comprehensive review of relevant
air pollution data sources was conducted. Among these sources were:

. the United States Environmental Protection Agency’s (EPA’s) AP-42, Control
Techniques Guidelines, Alternative Control Technique documents, and other
reports on control equipment for criteria and hazardous air pollutants (HAPs, also
referred to as air toxics);

’ the State and Territorial Air Pollution Program Administrators/Association of Local
Air Pollution Control Officials control technology reports;

. the California Air Pollution Contrel Officers’ Association’s Reasonably Available
Control Technology/Best Available Control Technology clearinghouse;

. standard air pollution references (e.g., the Air Pollution Engineering Manual);

. in-house control technology assessments previously prepared by E.H. Pechan &
Associates, Inc.; and

. recent technical literature including the Air and Waste Management Association
technical papers, periodicals, the internet, and telephone contacts (EPA, trade
organizations, and manufacturers).

The data gathered from these sources were used in developing descriptions of each
control technology and establishing the expected control efficiency range achieved in actual
practice. Where available, information on the costs of these controls, in terms of cost
effectiveness (annualized cost per ton of pollutant reduced, in 1995 dollars), was
incorporated into the control description. Information for most of the commonly used
equipment were well documented and based on in-depth studies. Data for less-used and
emerging technology equipment were often sparse and/or vague. In many of these cases, it
was necessary to apply professional judgment in establishing efficiency ranges and costs.
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An updated printout of CARB’s database of point source air pollution controls is
contained in this report as well as descriptions of the control technologies, ranges of typical
operating control efficiencies, and available cost data. A limited effort was made to
incorporate information on point source control of air toxics. This effort included the
development of an appendix which lists all California air toxics and EPA HAPs and defines
each as a volatile organic toxic, a particulate organic toxic, a particulate inorganic toxic, a
gaseous inorganic toxic, or some combination of these categories. This toxics categorization
scheme can then be used to assign approximate control ranges for many of the control
technologies presented in this report.

During the study, researchers strived to provide estimates of reasonable upper and
lower bounds on the control efficiencies. Whenever possible, these ranges were based on test
data, however, in many cases, professional judgement was used to establish a reasonable
range. Therefore, the user should be cautioned that, in any given situation, a control
technology could achieve efficiencies outside of the estimated range. For assessments
dealing with permit review, risk assessment, and other regulatory studies, testing of the
source should be required.
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EXECUTIVE SUMMARY

The California Air Resources Board (CARB) is responsible for compiling a statewide
air pollutant emissions inventory and improving the inventory as necessary to meet its
objectives and those of its emissions inventory clients (e.g., local air quality districts). As
part of this process, CARB requires a comprehensive, up-to-date list of air pollution
controls that are used for reducing emissions from point sources and the accompanying
range of control efficiencies typically achieved for each pollutant.

The current list of control technology codes used by CARB was developed by the
United States Environmental Protection Agency (EPA) over 15 years ago for use in the
National Emissions Data System and does not include cost data. Due to the age of this
listing (hereafter referred to as the control technology database), a number of new
technologies do not appear, or have to be considered as being a part of a much more broad
category. In addition, the control efficiency data are outdated or the range is so broad that
the information is of limited value. Finally, the existing control data only apply to criteria
pollutants. CARB would also like to include information on control of air toxics (however,
only a small portion of the resources allocated to this project were to be used in assessing
control efficiencies for air toxics).

The contents of this report include: a printout of an update to the control technology
database; a description of the control technologies covered; ranges of typical control
efficiencies for each control technology; and available cost data range in terms of cost
effectiveness (i.e., annualized costs per ton of pollutant reduced, in 1995 dollars).

To update the existing control technology database, a comprehensive review of
relevant air pollution data sources was conducted. Among these sources were:

. the EPA’s AP-42, Control Technique Guidelines, Alternative Control Technique
documents, and other reports on control equipment for criteria and hazardous air
pollutants (also referred to as air toxics);

. the State and Territorial Air Pollution Program Administrators/Association of Local
Air Pollution Control Officials control technology reports;

. the California Air Pollution Control Officers’ Association’s Reasonably Available
Control Technology/Best Available Control Technology clearinghouse;

. standard air pollution references (e.g., the Air Pollution Engineering Manual);

. in-house control technology assessments previously prepared by E.H. Pechan &

Associates, Inc. (Pechan); and
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. recent technical literature including the Air and Waste Management Association
technical papers, periodicals, the internet, and telephone contacts (EPA, trade
organizations, and manufacturers).

The data gathered from these sources were used in preparing descriptions of each
control device, and establishing the expected control efficiency range and cost effectiveness
(in 1995 dollars) achieved in practice. Information for most of the commonly-used control
technologies were well documented and are based on in-depth studies. Data for less-used
and emerging technologies were often sparse and/or vague. In many of these cases, it was
necessary to apply professional judgment in establishing efficiency ranges and costs. In
some cases, costs could not be determined.

The air pollutants addressed in this study include three groups of particulate
matter. These are total suspended particulate, or TSP (referred to in this report as simply
“particulate matter,” or PM), particulate matter less than 10 microns in diameter, and
particulate matter less than 2.5 microns. The other pollutants addressed are oxides of
sulfur, oxides of nitrogen, carbon monoxide, total organic gases, reactive organic gases, and
air toxics.

While CARB desired to include available information on the efficiencies of various
technologies in controlling air toxics emissions, a limited effort was to be made in gathering
this data. To assist a user in assessing air toxics control efficiencies, a categorization
scheme was developed for toxics based on similar chemical and physical characteristics.
This categorization scheme involved grouping each California- or EPA-listed toxic in one or
more of the four following categories: volatile organic toxics; particulate organic toxics;
particulate inorganic toxics; and gaseous inorganic toxics.

Control efficiencies are presented for the primary pollutant that the technology is
designed to control. Some technologies may incidentally control other pollutants, and,
where data are available, efficiency ranges are presented. In general, control efficiencies
are expressed in whole numbers. Where sufficient documentation exists, control
efficiencies greater than 99 percent are expressed in tenths of a percent, however most are
expressed as ">99.0 %". For most equipment capable of operating at >99.0 percent
efficiency, there is usually a wide enough variation, that it is not practical to establish a
reasonable and representative upper level of control efficiency in tenths of a percent with
any certainty.

In the original CARB control technology database, five pollutants were addressed
and 95 control technologies were listed. The updated list addresses 12 pollutant types and
approximately 350 control technologies and control technology combinations.

The new control technology listing represents an improvement in that the range
between low and high control efficiency has been narrowed, in many cases, compared to the
previous version. Aside from the incorporation of new data, this is also due to several
other reasons:

1. the low end of control efficiency of many pieces of equipment has been increased
due to upgrades and more stringent specifications by industry in order to meet
more stringent regulations,
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2. broad control technology groups have been broken down into more specific types
of equipment/applications,

3. the addition of new, higher-efficiency control equipment developed in recent
years, and

4. the removal of some devices and/or control efficiency data because they were not
deemed to be primary control equipment for the pollutant identified, or no data
could be located on the equipment, most likely because the technology is no
longer widely-used.

During the study, researchers strived to provide estimates of reasonable upper and
lower bounds on the control efficiencies. Wheneuver possible, these ranges were based on test
data, however, in many cases, professional judgement was used to establish a reasonable
range. Therefore, the user should be cautioned that, in any given situation, a conirol
technology could achieve efficiencies outside of the estimated range. For assessments
dealing with permit review, risk assessment, and other regulatory studies, testing of the
source should be required.
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CHAPTERI. INTRODUCTION

The California Air Resources Board (CARB) is responsible for compiling a statewide
air pollutant emissions inventory and improving the inventory as necessary to meet its
objectives and those of its emissions inventory clients (e.g., local air quality districts). As
part of this process, CARB requires a comprehensive, up-to-date list of air pollution control
technologies that are used for reducing emissions from point sources and the accompanying
range of control efficiencies typically achieved for each pollutant. Within this listing, each
control technology is assigned a three digit code referred to as a control technology code
(CTOC).

The current control technology database used by CARB was developed by the
United States Environmental Protection Agency (EPA) over 15 years ago for use in the
National Emissions Data System (NEDS) and does not include cost data. Due to the age of
this listing, a number of new technologies do not appear, or have to be considered as being
a part of a much more broad category. In addition, the control efficiency data are outdated
or the range is so broad that the information is of limited value. Finally, the existing
control data only apply to criteria pollutants. CARB would also like to include information
on control of air toxics (however, only a small portion of the resources allocated to this
project were to be used in assessing control efficiencies for air toxics).

Point source control technologies for the following air pollutants are addressed in
this study:

+ three groups of particulate matter - total suspended particulate (TSP} (referred

to in this report as simply “PM”), particulate matter less than 10 microns in
diameter (PM10), and particulate matter less than 2.5 microns (PM2.5);

+ oxides of sulfur (50x);
» oxides of nitrogen (NOx);
+ carbon monoxide (CO);
« total organic gases (TOG) and reactive organic gases (ROG); and
+ air toxics grouped into four categories depending on physical and chemical
properties - volatile organic toxics (VOT), particulate organic toxics (POT),
particulate inorganic toxics (PIT), and gaseous inorganic toxics (GIT).
The methods and data sources used to conduct the control technology research are
described in Chapter II. Methods used to assess control efficiencies of air toxics are also
outlined in this chapter. Research results, including an overview of control technologies for

criteria air pollutants, are presented in Chapter III. A printout of the revised control
technology database, including the control technology name and the range of control
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efficiencies that can be expected during actual operating conditions, is presented in
Appendix A. Control technology descriptions and costs corresponding to the technologies
listed in the control technology database are presented in Appendix B. Both California
(Assembly Bill 2588) and Federal Clean Air Act Title III air toxics are classified as to toxics
type (i.e., VOT, POT, PIT, or GIT) in Appendix C.
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CHAPTER Il. METHODS AND DATA SOURCES

A. DEVELOPMENT OF POINT SOURCE CONTROL TECHNOLOGY INFORMATION

The point source control technologies database currently in use by CARB and
California air districts was developed by EPA over 15 years ago for use in the NEDS. By
1997, this database had become out of date (e.g., newer controls were not represented,
ranges of control efficiencies were overly broad). In addition, no information on the cost of
control technologies is included in the existing database. To update this listing, a
comprehensive review of relevant air pollution data sources was conducted. Among these
sources were:

. the EPA’s AP-42, Control Technique Guidelines, Alternative Control Technique
documents, and other reports on control equipment for criteria and hazardous air
pollutants (HAPs, also referred to as air toxics);

. the State and Territorial Air Pollution Program Administrators/Association of Local
Air Pollution Control Officials (STAPPA/ALAPCO) control technology reports;

J the California Air Pollution Control Officers’ Association’s Reasonably Available
Control Technology/Best Available Control Technology Clearinghouse;

. standard air pollution references (e.g., the Air Pollution Engineering Manual);
. in-house control technology assessments previously prepared by Pechan; and
. recent technical literature including the Air and Waste Management Association

(AWMA) technical papers, periodicals, the internet, and telephone contacts (EPA,
trade organizations, and manufacturers).

The data gathered from these sources were used in preparing descriptions of each
control technology, and establishing the expected control efficiency range and cost
effectiveness (annualized cost per ton of pollutant reduced) achieved in practice.
Information for most of the commonly-used control technologies were well documented and
based on in-depth studies, however, professional judgement was still necessary, especially
in establishing control ranges for equipment combinations. Data for less-used and
emerging technologies were often sparse and/or vague; professional judgment was applied
in establishing efficiency ranges.

Cost effectiveness is expressed in 1995 dollars, unless otherwise noted. When cost
effectiveness data in the literature was based on a year earlier than 1995, escalation
factors were applied to convert to 1995 dollars. At times, the only available cost data were
expressed in units such as dollars/scfm or dollars/megawatt of electricity, and assumptions
and professional judgement were necessary to convert to dollars/ton of pollutant reduced.
In some cases, costs could not be determined. It should be noted that only 5% of the project
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effort was devoted to developing cost data. Actual annualized cost data may vary greatly,
depending on the specific case.

The air pollutants addressed in this study include three groups of particulate
matter. These are PM (i.e., TSP), PM10, and PM2.5. The other pollutants addressed are
S0x, NOx, CO, TOG, ROG, and air toxics (methods for establishing control efficiencies for
air toxics are given in the next section).

B. METHODS FOR ASSESSING CONTROL EFFICIENCIES FOR AIR TOXICS

As part of this project, a limited effort was made to include control efficiency data
for air toxics. Few controls are in use today that were designed specifically for the control
of air toxics. Control of toxics emissions is generally done with technologies originally
designed to control criteria pollutants [e.g., volatile organic compounds (VOC) and PM].
These controls are described in Chapter III and Appendix B. One recent exception is the
use of carbon injection technology for the control of mercury (Hg) and dioxin/furan
emissions from municipal and medical waste incinerators. Additional details on carbon
injection can be found in Appendix B.

For the purpose of assigning toxics control efficiencies to the various technologies
described in this study, it was necessary to characterize air toxics by the physical and
chemical properties that relate to their control (e.g., whether they are an aerosol or gas,
organic/inorganic). The first step to accomplish this was to expand the control technology
database by an additional eight fields to account for the upper and lower end of the
efficiency range for four toxics types:

. VOT - these are carbon-containing toxics that are typically encountered in a
gaseous state;

. POT - these are carbon-containing toxics that are typically encountered as a
solid or liquid aerosol or attached to other PM;

. PIT - these are toxics that do not contain a carbon atom and that exist as an
aerosol or attached to other PM; and

. GIT - these toxics do not contain a carbon atom and exist as a gas.

The second step was to assign each air toxic to one or mare of the four types
described above. Pollutants listed as HAPs under Section 112 of the Clean Air Act and air
toxics listed in California’s AB2588 program are presented in Appendix C. In some cases, a
secondary type is listed, if the pollutant is known tc exist as both types within air pollutant
streams. For example, many combustion products, such as dioxins, furans, and polycyclic
aromatic hydrocarbons (PAHs), are known to exist both in the vapor state, as well as being
bound to particulate matter. Where both primary and secondary types arve listed, the
primary form is considered to dominate from the perspective of overall mass emissions.
Therefore, this type should be used to assign control efficiency ranges from the control
efficiency database.
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Various criteria were used in the assignment of each toxic to the four toxics types as
presented in Appendix C. Among these were previous experience working with emissions
of a toxics species, vapor pressure [e.g., >1 millimeters of Hg column @ 20 degrees Celcius
(°C}], and physical state at ambient conditions (or at elevated temperatures for combustion

products).

The control efficiencies assigned to the four categories (i.e., VOT, POT, PIT, and
GIT) are largely taken from applicable data for criteria pollutants. For example, control
efficiencies for VOT and POT are generally assumed to be comparable to the applicable
efficiency for TOG. Also, efficiencies for POT and PIT using PM control equipment are
generally assumed to be equivalent to the applicable PM10 efficiency.

Users should be extremely careful in assigning control efficiencies using the toxics
categorization scheme when dealing with toxics that can take on more than one form (see
Appendix C). Also, users should consult the technology descriptions or other literature to
ascertain whether the control technology is limited to certain species. For example, the
carbon injection control technology is listed as having control efficiencies for POT, PIT, and
GIT, however these control efficiencies have only been documented for dioxin/furans (i.e.,
not all POT) and Hg (i.e., not all PIT or GIT).

There are several limitations to the assignment of toxics into the four general types
and assumptions of control efficiency. Limitations include the following:

. inter-species variabtlity within a foxics iype: for example, some organic toxics are
more resistant to thermal oxidation than others. Hence, for a given temperature
and residence time some toxics will be combusted with a higher efficiency than
others. As an illustration, sample groupings of several toxics are shown in Table 1
(Pennington, 1996).

Group 1 compounds: require an oxidation temperature of 1,800 degrees Fahrenheit
(’F) or higher and a retention time of 0.5 to 1.0 second to achieve destruction
efficiencies of 99 percent or greater.

Group 2 compounds: these are halogenated compounds and require slightly longer
retention times than Group 1 to achieve 99 percent destruction. In addition,
additional scrubbing downstream may be necessary to control the resulting
hydrogen chloride gas of hydrochloric acid emissions.

Group 3 compounds: these are more difficult to destroy, requiring higher
temperatures (1,800 to 2,000 °F) and longer retention times (1 to 2 seconds) to meet
destruction efficiencies of 99 percent or greater. They may also require additional
scrubbing downstream.

. partitioning between phases and/or elemental forms. as mentioned above, some
toxics can exist as both a gas and an aerosol {particle). Important among these are

semi-volatile organics (such as some dioxins/furans and PAHs) and Hg.

Due to these limitations, it is recommended that caution be used in assigning control
efficiencies to toxics species, and that the analyst consider use of the lower end of the
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reported range for conservatism. Also, for such uses as input to health and ecological risk
assessments, test data of the source under consideration should always be used instead of
the values in the current database. As more data specific to control of various toxics become
available, the database can be updated to reflect this improved data.

Table 1
Sample Air Toxics Grouped by Ease of Destruction

Group 1 Group 2 Group 3
Acetone Chioroform Glycol Ethers
Benzene Methylene Chioride Styrene
Ethylene Freon 113 Tetrachloroethylene
Methy! Ethyl Ketone 1,1,1-Trichloroethane

Methy! Isobutyl Ketone
Normal Butyl Alcohal
Propylene

Toluene

(adapted from Pennington, 1996)

Page 10



CHAPTERIIl. RESULTS OF CONTROL TECHNOLOGY
RESEARCH

A. METHODS OF AIR POLLUTION CONTROL

Methods for controlling air pollution from point sources include add-on controls,
process controls, and integrated controls:

1. Add-on control: This type of control typically includes a piece of equipment
(e.g., a baghouse) that is added to the exhaust stream.

2. Process control: A process control involves a change or modification to an
industrial process that would result in a reduction in the emissions generated
by a process (e.g., a change from top filling of fuels to bottom filling).

3. Integrated control: An integrated control is incorporated into the design of the
equipment that produces emissions (e.g., a low-NOx burner).

Modifications that are made to change how a product is produced or handled are in
the process control category; such as solvent recovery and re-use, change in fuel type, how
fuel is stored and delivered, and modifications to storage facilities, such as tanks. Usually,
a process control also implies at least some small benefit to the overall system (fuel or
product conservation, less toxic exposure for workers, etc.).

Integrated controls are equipment modifications that are made strictly for the
purpose of reducing emissions [e.g., burner design, flue gas recirculation (FGR)].

A general discussion of the types of point source control technologies used for
criteria pollutants is given below. For more detailed technology descriptions and listings of
the references cited, see Appendix B.

B. POINT SOURCE CONTROL EFFICIENCIES

A printout of the revised control technology database is given in Appendix A. The
results of this research effort provided a significant expansicn in the coverage of point
source pollution controls. Some technologies from the existing database were dropped due
to inappropriate nomenclature, or because the technology had become obsolete and there
were no indications of current usage. Comparisons between the existing and revised
control technology databases are given in Table 2.
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Table 2
Comparison of Existing and Revised Control Technology Databases

Parameter Existing Database Revised Database
Pollutants Covered PM, VOC, NOx, SOx, CO  PM, PM10, PM2.5, TOG, ROG, CO,
NOx, SOx, VOT, POT, PIT, GIT

Add-on Controls 68 1086
Process Controls 18 17
Integrated Controls 9 51
Control Combinations 0 181

Total Controls 95 355

The control efficiencies are presented in order of the primary pollutant that the
technology is designed to control. Some technologies incidentally control other pollutants
and, where adequate documentation exists, control efficiency ranges are presented. The
three-digit codes assigned to each control technology in the database are ordered by control
method and primary pollutant controlled as follows:

. 001 - 399 Add-on Control Technologies

001 - 079 PM, PM10, PM2.5
080 - 159 SOx

160 - 239 NOx

240 - 319 TOG, ROG, VOT
320 - 399 Open

. 400 - 599 Process Controls
400 - 429 PM, PM10, PM2.5
430 - 449 NOx
450 - 479 TOG, ROG, VOT
480 - 599 Open

. 600 - 699 Integrated Controls

600 - 679 NOx
680 - 699 Open

. 700 - 999 Control Combinations
700 - 749 NOx

750 - 949 PM, PM10, PM2.5
921 - 999 Open
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In general, control efficiencies are expressed in whole numbers. Some control
efficiencies greater than 99 percent are expressed in tenths of a percent, however most are
expressed as ">99.0%". For most equipment capable of operating at >99.0 percent
efficiency, there is often a wide variation in performance in the 99 to 100 percent range.
Therefore, with available data, it is not practical in most cases to establish a representative
upper level of control efficiency in tenths of a percent with any certainty. In cases where
good data was available to show an upper range of greater than 99.5 percent, this value
was selected for use in the database. Similarly when sufficient data showed an upper
range in excess of 99.9 percent, this value was selected. Due to the variability for many
controls, researchers did not feel that establishing efficiencies with intermediate values
(e.g., 99.3, 99.7) was warranted.

For the purpose of this study, the collection efficiency (the amount of emissions
delivered to an add-on control device divided by the amount generated by the source,
expressed as a percent) is assumed to be 100 percent. That is, the control efficiencies
reported are based on the amount of emissions actually treated by the equipment. The
control efficiencies also do not reflect a lower bound that could represent “upset conditions”
(i.e., all ranges are based on typical operating conditions).

During the study, researchers strived to provide estimates of reasonable upper and
lower bounds on the control efficiencies. Whenever possible, these ranges were based on test
data, however, in many cases, professional judgement was used to establish a reasonable
range. Therefore, the user should be cautioned that, in any given situation, a control
technology could achieve efficiencies outside of the estimated range. For assessments
dealing with permit review, risk assessment, and other regulatory studies, testing of the
source should be required.

C. CONTROL TECHNOLOGY DESCRIPTIONS

Detailed descriptions on control technologies and available cost data are given in
Appendix B. The following subsections provide general descriptions of the more common
control technologies covered during this study.

1. PM Control Technologies

PM is generated by combustion and other industrial processes. In most cases, PM is
collected after it has been generated, hence, virtually all PM controls are add-on controls.

a. Precleaning Devices

Mechanical collectors are a broad class of PM control devices that use either gravity
settling and/or inertial impaction mechanisms to remove large and/or dense particles from
flue gas streams. Because their performance capability is limited to the removal of large
and/or dense particles from gas streams and regulatory requirements have become more
stringent, they are now used primarily as pretreatment devices to reduce the PM loading
on fabric filters, electrostatic precipitators (ESPs), and scrubbers. However, some types of
collectors may provide adequate control of PM for some applications as a stand alone
collection device or in series combination.
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There is great diversity in the design and operating principles of the various types
of mechanical collectors. Mechanical collectors include gravity settling chambers,
momentum separators, centrifugal collectors, and single and multiple cyclones.

b. Fabric Filters

Fabric filters are add-on controls that are used in a wide variety of industrial and
commercial applications to control primary PM emissions. Fabric filters remove dust from
a gas stream by passing the stream through a porous fabric. Fabric filters are frequently
referred to as baghouses because the fabric is usually configured in cylindrical bags.

When they can be applied to control PM emissions for a particular emission source (i.e.,
excessive heat or incompatible exhaust constituents are not present), fabric filters are
considered to provide superior control of fine PM relative to other control devices (e.g.,
ESPs and scrubbers).

¢. Gravel- or Granular-bed Filters

Gravel-bed filters were developed for use in controlling emissions from high-
temperature flue gas streams to remove fine PM and smoke particles. The advantage of
the gravel-bed filter relative to a fabric filter is its ability to tolerate high-temperature gas
streams containing combustible constituents and/or high moisture contents. The typical
set up involves drawing exhaust gas through a bed of pea gravel which traps the PM. The
bed 1s cleaned either continuously or intermittently depending on the design of the unit.
They are also used where control of fine PM would require a scrubber to operate at a high
pressure drop to obtain the same level of control.

-An alternative design of the gravel-bed filter involves the use of a slow, moving bed
of granular rock as the filtration medium. To enhance collection efficiency, moving bed
filters have been electrostatically charged. Gravel-bed moving filters are also called
granular-bed moving filters.

d. Electrostatic Precipitators

ESPs are add-on control devices that are designed to remove PM from the flue gas
stream using electrical fields. ESPs may be designed and operated as dry or wet units.
Dry units typically are used to control large gas volumes, such as electric utility coal-fired
boilers. Wet ESP technology has been developed more recently than dry ESP technology.
Wet ESPs are used to control relatively smaller gas volumes than dry ESPs, and on flue
gas streams containing fumes or mist which may be difficult to control with a dry ESP or
fabric filter.

In an ESP, an intense electric field is maintained between high-voltage discharge
electrodes, typically wires or rigid frames, and grounded collecting electrodes, typically
plates. The most common ESP designs are wire-plate and wire-pipe collectors, but rigid
frame-plate designs are also used.

While several factors determine ESP collection efficiency, ESP size is most

important. Size determines treatment time; the longer a particle spends in the ESP, the
greater its chance of heing collected. ESP size is also related to the ratio of the surface
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area of the collection electrodes to the gas flow (the specific collection area). Maximizing
electric field strength will maximize ESP collection efficiency.

e. Wet Scrubbers

Wet scrubbers are add-on control devices that are used to remove PM from gas by
capturing the particles in liquid (usually water) droplets, foam, or bubbles, and separating
the droplets from the gas stream. The droplets act as conveyors of the PM out of the gas
stream. With wet scrubbers, PM and soluble gases can be removed simultaneously. Wet
scrubbers capture PM through three primary mechanisms: (1) impaction of the particle
directly into a target droplet; (2) interception of the particle by the target droplet as the
particle nears the droplet; and (3) diffusion of the particle through the gas surrounding the
target droplet until the particle is close enough to be captured. Other scrubber collection
mechanisms include gravitation, electrostatics, and condensation. The dominant means of
PM capture in most industrial wet scrubbers is inertial impaction.

Wet scrubbers are classified by the method used to induce the contact between the
liquid and the PM. The major categories of wet scrubbers are: spray chamber scrubbers,
also referred to as spray towers; packed-bed scrubbers; tray-type scrubbers; mechanically-
aided scrubbers; venturi and orifice scrubbers; condensation scrubbers; and charged
scrubbers.

Wet scrubbers are used under circumstances where the contaminant cannot be
removed easily in a dry form; soluble gases are present; soluble or wettable PM is present;
the contaminant will undergo some subsequent wet process (such as recovery, wet
separation or settling, or neutralization); the pollution control system must be compact; or
where the contaminants are most safely handled wet rather than dry (i.e., where the dry
PM may ignite or explode).

f. Mist Eliminators

Mist eliminators are used to eliminate mist (fine liquid droplets) from carrying
pollutants out of scrubber stacks; however, they can also be used as stand-alone control
devices to control acid mists. There are two general types of mist eliminators: 1) blade-
type, consisting of one or more sets of parallel, chevron-shaped baffles (blades), and 2}
mesh-pad, which are made up of densely-packed layers of interlocked filaments. The
principal control mechanisms are inertial impaction and direct interception.

g. Fluid-Bed Dry Scrubbers

Fluid-bed dry scrubbers are used in the primary aluminum manufacturing industry
to control PM emissions from potroom prebake cells and anode baking furnaces. The dry
scrubbing system consists of a fluid-bed reactor with a fabric filter located on top of the
reactor.

h. Fuel Switching

Fuel switching to avoid generating PM is a potential process control, but has
historically been used to control emissions of NOx and sulfur dioxide (SO,). With the
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passage of the revised national ambient air quality standard covering PM2.5, this
technology may become more important in controlling PM emissions from combustion
sources (e.g., oil-fired boilers). Industrial, commercial, or institutional (ICI) boilers or
process heaters burning coal or oil can reduce PM emissions by switching to natural gas.
Switching from coal or oil to natural gas may require retrofit of burners.

i. Miscellaneous Controls

Several PM emission controls are generally considered to be area source controls
rather than point source controls, however, they are addressed here because of their
widespread use. Two controls used to reduce PM emissions from spray painting in spray
paint booths include water curtains and mat or panel filters. Water curtains are water
sprays through which paint booth emissions are drawn to remove PM. Alternatively, paint
booth emissions are controlled using mat or panel filters. Mat or panel filters are similar
to air filters used in residential heating and air conditioning systems.

Wet suppression is a temporary measure for controlling fugitive PM emissions from
unpaved surfaces, storage piles, and material handling. Typically, liquid sprays of water, a
water solution of a chemical agent (a surfactant or a foaming agent), oil, or micron-sized
foam are applied to control emissions. Wet suppression controls emissions by
agglomeration (i.e., combining small dust particles with larger particles/aggregates or
liquid droplets) to prevent or suppress the PM from leaving the surface and becoming
airborne.

2. SOx Control Technologies

Sources of SOx emissions include, in decreasing order of significance, fuel
combustion for the generation of electricity, fuel combustion for industrial processes, and
emissions from metals production. The different grades of coal and cil combusted to
provide heat for boilers or industrial processes all contain some fraction of organically-
bound sulfur, as well as, in the case of coal, inorganic sulfur as pyrites. These sources of
sulfur form SO,, and, in lesser amounts, sulfur trioxide when heated in the presence of
oxygen.

Many nonferrous metals, such as copper, zinc, and lead, are derived from ores
containing sulfur compounds, which, when heated, form SO,. Coke production and the use
of coke in the ferrous metals industry also produce SO, emissions. Since SO, emissions
make up 95 percent or more of the total SOx emissions from combustion sources and SOx
emissions are commonly expressed as the SO, equivalent, SOx and SO, are used
interchangeably throughout this report.

There are three main approaches to reducing SOx emissions: pre-combustion
methods, control during combustion, and post-combustion methods. In-furnace sorbent
addition and flue gas desulfurization are add-on controls which attempt to control
emissions during and after combustion, respectively. Fuel switching and fuel cleaning are
pre-combustion process controls.
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a. Flue Gas Desulfurization (FGD)

The largest category of SO, control technologies is FGD, where the SO, is captured
after formation and removed from the waste gas stream. FGD systems fall into several
categories, including dry scrubbing, semi-dry scrubbing, and wet scrubbing. These
categories can be further divided into non-regenerable and regenerable systems. Most
systems introduce the SO,-containing waste gas flow to a sorbent, as a solution, slurry, or
solid, made up of materials which absorb and react with the SO,. After the sorbent has
absorbed and reacted with the SO,, the spent reagent is either regenerated or disposed.
Some processes are designed to yield a spent reagent that is a desirable product for which
there is a market, while others must be disposed. Some regenerable processes concentrate
the SO, and pass it on to one of several processes which produce liquid SO.,, sulfuric acid,
or elemental sulfur.

b. In-Furnace Controls

Several combustion processes are being developed which allow reagents to be
introduced or injected directly into the burning fuel. These are known as dry sorbent
furnace injection and combustion-zone sorbent addition. With these technologies, the aim
is to introduce a material which will react with the SO,, while avoiding the intense heat of
the combustion zone which renders many reactive materials ineffective or less effective.
The introduction of the sorbent directly to the combustor allows for longer reaction times
between the SO, and the reagent, and can reduce the complexity of a sorbent injection
system.

¢. Fuel Switching

In fuel switching, a low-sulfur fuel is used as a replacement for a fuel with a higher
sulfur content. Switching from coal to oil or natural gas for power generation or for certain
industrial processes was popular before the early 1970's when economic and legislative
restrictions made it a less attractive SO,-reducing technique. However, co-firing of coal
and oil with natural gas has been applied in some situations. High- to low-sulfur coal
switching remains popular as an SO, reduction method, though it is not applicable in all
cases due to low-sulfur coal transportation costs, or combustor inflexibility. In some cases,
it has been possible to extend the service life of a high-emitting combustion process by
adding just enough low-sulfur coal to the established supply of high-sulfur coal, along with
some combustor modifications, to achieve a mandated emissions level.

d. Fuel Cleaning

Fuel cleaning methods have been used to reduce the amount of sulfur in coal before
it is combusted in order to lower SO, emissions. Sulfur exists in coal in two different
forms, inorganic and organic, and each requires a different cleaning technique. Inorganic
sulfur in the form of pyrites (compounds of sulfur and iron} is found in most coals, and this
is removed mainly by physical means. Often, these processes consist of coal being crushed
and screened by density or surface property differentiation using water or air. Chemical
cleaning, in which the organic sulfur in coal is removed, is still in the development stage,
and has not yet been extensively used in commercial applications.
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3. NOx Control Technologies

NOx emissions are generated by stationary sources as a product of combustion or as
a stack gas product of a chemical reaction in which NOx assumes the role of either one of
the reactants or products. Combustion sources are the predominant NOx generators and,
consequently, the majority of the control technologies are designed for combustion sources.

Combustion NOx is formed via three basic mechanisms: thermal NOx, fuel NOx,
and prompt NOx. Of the three, combustion NOx control addresses thermal and fuel NOx.
Prompt NOx is typically short-lived and requires a very fuel-rich flame. Therefore, prompt
NOx controls are not addressed.

The formation of NOx by combustion processes is dependent upon four conditions:
the concentration of oxygen at the flame, the peak flame temperature, the residence time of
the combustion gases at the flame temperature, and the nitrogen content of the fuel.

The control of NOx from combustion processes is divided into three different strategies:
modifications of the combustion process or equipment (integrated controls), treatment of
flue gas (add-on controls), and fuel modification (process control). Techniques used for
NOx control are dependent on the mechanism of NOx formation, the point at which the
control strategy is initiated within the combustion process, and the emission source
configuration.

a. Combustion (Integrated) Controls

Combustion modifications are proven control technigques that reduce thermal NOx
formation by modifying the combustion process to quench combustion gases or to lower
oxygen availability and shorten residence times at high temperatures. Several types of
combustion modifications used for reducing NOx emissions are low excess air firing, over
fire air (OFA), and FGR. Combustion modifications such as these, are intended to reduce
the formation of NOx during the combustion process by:

1) restricting the availability of combustion oxygen, and/or
2) quenching the combustion flame temperature.

The restriction of combustion oxygen has the potential of providing a reducing
environment during the combustion process and lower peak flame temperature, thereby
decreasing the formation of both fuel and thermal NOx. However, the use of aggressive
combustion modification, while reducing the formation of NOx, can increase the emissions
of carbon monoxide and hydrocarbons. Currently, these modifications are being used on
sources such as electric utility boilers, commercial and industrial boilers, and glass melting
furnaces.

There are other combustion modifications capable of achieving even greater
reductions. These include low NOx-burners for boilers and heaters, and pre-stratified
charge systems for reciprocating internal combustion engines. These modifications reduce
the formation of NOx by precision control of the combustion process through more
advanced combustion technologies and are often designed to provide acceptable
performance with low NOx formation. Low NOx burners may incorporate different
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combustion control technologies such as flue-gas recirculation and staged combustion as
well as improved air/fuel mixing capabilities into one design.

The pre-stratified charge technology introduces an air/fuel charge to the combustion
chamber of reciprocating internal combustion engines that is stratified into a large-volume,
lean-fuel mixture zone and a small-volume, rich-fuel mixture. Upon compression of the
stratified charge, the ignition of the rich-mixture zone provides a hot flame front to ignite
the lean-fuel mixture. The resulting combustion process has a reduced peak flame
temperature with stable combustion at lean-fuel mixtures approaching the lower
flammability limit. Combustion modifications can be used independently or in combination
with other control technologies.

b. Exhaust {Add-on) Controls

Add-on control techniques that reduce NOx emissions downstream of the
combustion zone are also available. These include selective catalytic reduction, selective
non-catalytic reduction, non-selective catalytic reduction, and catalytic
oxidation/absorption. In the first three technologies, NOX is reduced to nitrogen and water.
For catalytic oxidation/absorption, all of the NOx is oxidized to nitrogen dioxide (NO,)
which is then scrubbed from the exhaust.

¢. Process Controls

Different fuels produce different amounts of NOx for a given amount of energy
released in the combustion process. This is due to differences in methods of combustion
and chemical composition, including fuel nitrogen content. Generally, with respect to NOx
and other pollutant emissions, natural gas burns cleaner than petroleum distillate fuels,
which burn cleaner than residual fuels, which burn cleaner than solid fossil fuels. Fuel
switching can be an effective method of emission reduction for many applications.

4. CO Control Technologies

Good combustion practices on combustion point sources are assumed and are not
considered an air pollution control method for this study. Add-on technologies, such as
catalytic and non-catalytic oxidizers (see next section) are assumed to control CO emissions
with the same efficiency as VOC.

5. TOG and ROG Control Technologies

Most control efficiency data found in the literature are related to the control of
VOCs, which are a component of TOG. VOCs include all organic compounds with
appreciable vapor pressures. Except for methane, ethane and a number of halogenated
compounds identified by EPA as non-reactive, CARB considers all organic gases to be
reactive; or ROG. Virtually all of the reviewed literature sources on control equipment
simply refers to the group of VOC, ROG, and TOG as VOC. Hence, the control efficiency
ranges for TOG and ROG presented in this report are assumed to be equivalent to the VOC
ranges reported in the literature. Many VOC species are toxic and are referred to in this
report as VOT (described further in the air toxics section below).
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In cases where information is available on non-chlorinated VOCs and chlorinated
VOCs (CVOCs), this is presented in the description of the specific control equipment
presented in Appendix B. In cases where a piece of equipment is capable of destroying
both, the control efficiency of the non-chlorinated VOC is typically at the upper end of the
range and the CVOC destruction efficiency is at the lower end of the range.

a. Add-on Controls

There are four basic types of add-on controls used to control VOCs: combustion,
adsorption, condensation, and absorption. Several new technologies use innovative
variations of these basic methods.

Combustion- Combustion, alsc referred to as oxidation or incineration, is used to
destroy VOCs; hence another term for control efficiency by combustion is destruction
efficiency. Complete combustion depends on an adequate supply of oxygen, sufficiently
high temperature to ignite the waste-fuel mixture, turbulent mixing of the waste-fuel, and
sufficient residence time for the reaction to occur.

Devices which use straight combustion to destroy VOC include direct flame thermal
oxidizers (incinerators, afterburners) and flares. Because of economics, most combustion
devices employ some type of heat recovery to transfer heat from the exhaust gas to the
entering waste gas. This is usually in the form of a heat exchanger. Thermal oxidizers so
equipped may also be described as "recuperative.” Another class of oxidizing equipment
known as regenerative thermal oxidizers use a high-density media (e.g., ceramic-packed
bed) still hot from a previous cycle to preheat the incoming VOC-laden stream.

Some oxidizers use a catalyst to increase the rate of reaction, reduce the
temperature required to produce complete combustion, and reduce the required reactor
volume. Most thermal oxidizer designs also have a catalytic counterpart, such as catalytic
oxidizers, regenerative catalytic oxidizers, and fluidized bed catalytic oxidizers. Catalytic
combustion devices also typically use some type of heat recovery.

Adsorption- Adsorption occurs when organic molecules are captured on the surface
of a micro-porous solid such as activated carbon. Adsorption may be physical and/or
chemical. Other suitable media (adsorbents) include hydrophobic zeolites, silicates,
aluminas, aluminosilicates (molecular sieves), and synthetic resins. These substances have
a very porous structure, and with their large exposed surface, can take up appreciable
volumes of various gases. The extent of adsorption can be increased further by "activating”
the adsorbents in various ways. Activation removes impurities and exposes a larger free
surface for potential adsorption. Activated carbon is the most widely used adsorbent.

An adsorption device is typically a two-bed system. VOC-laden air is passed
through one bed at a time and treated. Over time, the pore spaces begin to fill. To
maintain constant high efficiency, the bed is taken offline and the gas shifted to the other
bed before saturation (or "breakthrough”) occurs.

Typically, the saturated bed is regenerated, or desorbed with steam. The effluent-

steam mixture can be condensed, and, if there is sufficient value, the solvent can be
recovered by decanting and/or distillation. The bed may also be desorbed by reducing the
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pressure (vacuum desorption). In some cases, the spent adserbent may be replaced and
regenerated offsite.

Condensation- Condensation is the process of converting a gas to a liquid. This is
typically accomplished by lowering the temperature. Condensers are simple devices that
normally use water for cooling, but may use other heat-exchange media (e.g., chlorinated
fluorocarbons). Condensers may be indirect (“surface condensers”) or direct contact. In
surface condensers, the cooling medium and vapor/condensate are separated by a surface
area (e.g., shell and tube). In direct contact condensers, the vapors and cooling medium are
intimately mixed and combined. Typical contact condenser types are barometric and jet.
The disadvantage of contact condensers is that the condensate cannot be reused and
further treatment or separation may be necessary. Most condensers used in air pollution
control are surface condensers.

In refrigerated condenser systems, mechanical refrigeration is used for cooling.
These systems include a refrigeration unit, a heat exchanger/evaporator, storage for the
chilled and defrost brines, and a surface condenser. Cryogenic condensers use the cooling
value of liquid nitrogen in a surface condenser to recover VOCs emitted during
manufacturing processes. The system condenses VOC emissions by vaporizing liquid
nitrogen to provide the cooling source to indirectly cool the process stream to low
temperatures. Cryogenic condensation is best suited to industries that already use
significant quantities of liquid nitrogen in their normal processes for inerting, blanketing,
and purging.

Absorption- Absorption is used for VOCs and inorganic gases. It is, however, more
commonly employed for inorganic gases [e.g., hydrogen sulfide, ammonia (NH,), chlorides,
and fluorides] than for organic vapors.

Water is typically the preferred solvent for inorganic vapor absorption. It is
typically used on a once-through basis and then discharged to a waste-water treatment
system. The effluent may require pH adjustment to precipitate metals and other
components as hydroxides or salts; these are typically less toxic and can be more easily
disposed.

VOC control by gas absorption is generally limited to packed or plate towers and for
relatively high VOC concentrations [approximately 1,000 parts per million by volume
(ppmv) and higher] of readily water soluble organics (most alcohols, ethylene oxide, organic
acids, aldehydes, ketones, amines, and glycols).

Another consideration is the treatment or disposal of the material removed from the
absorber. This must be addressed to effect complete control. In most cases, organics are
stripped out (desorbed), either at elevated temperatures and/or under vacuum and then
must be recovered as a liquid by a condenser. The stripped vapor may also be destroved by
incineration. In some cases, water containing absorbed VOCs is treated by other direct
means, such as ozonation, chemical neutralization, or chemical oxidation.

New Add-on Control Technologies- The first example of a commonly-employed

new technology for VOC control is biofiltration. The mechanism of biofiltration includes a
combination of adsorption, absorption, and microbial degradaticn. Vapor-phase organic
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contaminants are passed through a bed of biologically active material, (primarily mixtures
based on soil, compost, or peat) and sorb to the material surface, where they are degraded
by microorganisms in the material.

Another example of a new VOC technology is ozonation with enhanced carbon
adsorption. This technology is an enhanced carbon adsorption system that combines wet
scrubbing, carbon adsorption, and ozone reaction to remove organic vapors from an
airstream.

The third new VOC technology is ozonation with catalytic oxidation. This gaseous
ozonation system employs a catalytic reactor to oxidize VOCs using small amounts of ozone
at relatively low temperatures (160 to 220 °F).

Another new technology is flameless thermal oxidation (FTQ). FTO is used for
destroying VOCs in process and waste stream off-gas treatment and in the treatment of
VOCs and CVOCs from off-gases from soil remediation. FTQ uses a heated packed-bed
reactor filled with inert ceramic pieces maintained at 1,600 to 1,850 °F. The packed bed
generates a uniform thermal reaction zone where oxidation of organic compounds occurs
and flame propagation is prevented.

The High Energy Corona (HEC) process uses high-voltage electricity to destroy
VOCs at room temperature. The primary system components are an HEC reactor in which
VOCs are destroyed and a secondary scrubber. The HEC reactor is a glass tube filled with
glass beads. A high-voltage electrode is located along the centerline of the reactor.

Silent Discharge Plasma Technology (SDPT) is an oxidation and reduction process
that uses a pulsed electrical discharge system to create highly-reactive free radicals that
decompose organic compounds in airstreams.

In photocatalytic oxidation, VOCs or CVOCs are trapped on the surface of a
proprietary catalytic adsorbent. The trapped contaminants are catalytically destroyed
(oxidized) by ultra-violet light on the adsorbent, which continuously regenerates the
adsorbent.

b. Process Controls

Depending on the process, certain modifications can be effective in controlling
VOCs. These include substituting materials to low or no-VOC types, changing the methods
by which organic liquids are applied, stored and transferred, and making other operational
changes.

6. AIR TOXICS CONTROL TECHNOLOGIES

As previously mentioned, a limited effort was made to include control efficiency data
for air toxics. Nearly all of the control technologies in use for control of air toxics were
originally designed to control VOC or PM and are described in the appropriate sections
above and in Appendix B. To provide the control technology user with a sense of the
potential for control of air toxics, a method was outlined in Chapter II to estimate the
potential for control of individual toxics using a VOC or PM10 control method.
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Researchers included a relatively new technology, carbon injection, in the database
that was specifically-designed to control emissions of Hg. This add-on technology is being
used in municipal and medical waste incinerators to control both Hg and dioxin/furan
emissions (see Appendix B for more details).
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ACRONYMS AND ABBREVIATIONS

AIRS/FS
AWMA
BOOS
BTEX

CARB
CEC
cfm
cm
CO
CEC
CTC
CvocC
DESP
DMA
DOE
EPA
EPRI
ESP

FBCI
FGD
FGR
FTO
GIT
HAPs
HCl
HEC
Hg

hr

ICI

in

b
LEA
LEC
LEL
LNB
MEK
MMBtu
NAAQS
NEDS

Aerometric Information Retrieval System/ Facility Subsystem
Air and Waste Management Association
burner out of service

benzene, toluene, ethylbenzene, and total xylenes
degrees Celsius

California Air Resources Board

control efficiency code

cubic feet per minute

centimeter

carbon monoxide

Control Equipment Code

Control Technology Code

chlorinated volatile organic compound
dry electrostatic precipitator
dimethylanaline

United States Department of Energy
United States Environmental Protection Agency
Electric Power Research Institute
electrostatic precipitator

degrees Fahrenheit

fluidized bed catalytic incineration

flue gas desulfurization

flue gas recirculation

flameless thermal oxidation

gaseous norganic toxic

hazardous air pollutants

hydrogen chloride gas or hydrochloric acid
High Energy Corona

mercury

hour

industrial, commercial, and institutional
inch

pound

low excess air

low emission combustion

lower explosive limit

low NOx burners

methyl ethyl ketone

million British thermal units

National Ambient Air Quality Standards
National Emissions Data System

{Continued)
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ACRONYMS AND ABBREVIATIONS (Continued)

NH, ammonia

NO, nitrogen dioxide

NOx oxides of nitrogen

NSCR non-selective catalytic reduction

OFA over fire air

Pechan E.H. Pechan & Associates, Inc.

PAH polycyclic aromatic hydrocarbon

PCE perchloroethylene

PIT particulate inorganic toxic

PM particulate matter (total)

PM10 particulate matter less then 10 microns in diameter
PM2.5 particulate matter less then 2.5 microns in diameter
POT particulate organic toxic

ppm parts per million

ppmv parts per million by volume

psi pounds per square inch

ROG reactive organic gas

RTO regenerative thermal oxidation

RCO regenerative catalytic oxidizer

scfm standard cubic feet per minute

SCR selective catalytic reduction

SDPT Silent Discharge Plasma Technology
SNCR selective noncatalytic control reduction
S0, sulfur dioxide

SOx oxides of sulfur

STAPPA/ALAPCO State and Territorial Air Pollution Program Administrators and
Association of Local Air Pollution Control Officials

SVE soil vapor extraction

TCE trichloroethylene

TNMOG total nonmethane organic gases
TOG total organic gases

TSP total suspended particulate

um micrometers

vOC volatile organic compound

VOL volatile organic liquid

VOT volatile organic toxic
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APPENDIX A: CONTROL TECHNOLOGY DATABASE

The control technologies are identified by a three-digit CTC and are ordered by
control method and primary pollutant controlled. For reference purposes, the old Control
Equipment Code (CEC) from the previous published Turnaround Document (TAD) Manual
for each CTC, where applicable. Additional information on the control efficiency ranges,
applications, and cost effectiveness is presented in Appendix B. Data on the classification
of air toxics (i.e., VOT, POT, PIT, and GIT) are presented in Appendix C.

001 - 399 Add-on Control Technologies
001 - 079 PM, PM10, PM2.5
080 - 159 SOx
160 - 239 NOx
240 - 319 TOG, ROG, VOT
320 - 399 Open

400 - 599 Process Controls
400 - 429 PM, PM10, PM2.5
430 - 449 NOx
450 - 479 TOG, ROG, VOT
480 - 599 Open

600 - 699 Integrated Controls
600 - 679 NOx
680 - 699 Open

700 - 999 Control Combinations
700 - 749 NOx
750 - 949 PM, PM10, PM2.5
Where;
750 - 767 Gravity Collector + Other
768 - 784 Momentum Separator + Other
785 - 802 Centrifugal Collector + Other
803 - 844 Single Cyclone + Other
845 - 870 Multiple Cyclone + Other
871 - 880 ESP + Other
881 - 891 Fabrice Filter + Other
892 - 915 Wet scrubber Combinations
916 - 920 Mist Eliminator Combinations
921 - 999 Open

The control efficiencies assigned to the four categories (i.e., VOT, POT, PIT, and

GIT) are largely taken from applicable data for criteria pollutants. For example, control
efficiencies for VOT and POT are generally assumed to be comparable to the applicable
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efficiency for TOG. Also, efficiencies for POT and PIT using PM control equipment are
generally assumed to be equivalent to the applicable PM10 efficiency.

Users should be extremely careful in assigning control efficiencies using the toxics
categorization scheme when dealing with toxics that can take on more than one form (see
Appendix C). Also, users should consult the technology descriptions in Appendix B or other
literature to ascertain whether the control technology is limited to certain species. For
example, the carbon injection control technology is listed as having control efficiencies for
POT, PIT, and GIT, however these control efficiencies have only been documented for
dioxin/furans (i.e., not all POT) and Hg (i.e., not all PIT or GIT).
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DISCLAIMER

The statements and conclusions in this Report are those of the contractor and not
necessarily those of the California Air Resources Board. The mention of commercial
products, their source, or their use in connection with material reported herein is not to be
construed as actual or implied endorsement of such products.
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ABSTRACT

The California Air Resources Board (CARB) is responsible for compiling a statewide
air pollutant emissions inventory and improving the inventory as necessary to meet its
objectives and those of its emissions inventory clients (e.g., local air quality districts). As
part of this process, CARB requires a comprehensive, up-to-date list of air pollution
controls that are used for reducing emissions from point sources and the accompanying
range of control efficiencies typically achieved for each pollutant. Among other uses, this
information is used by CARB and local air district staff during the evaluation of permit
applications and emission inventory reporting.

By 1997, the point source control listing that was in use by CARB and the districts
had become out of date (e.g., newer controls were not represented, ranges of control
efficiencies were overly broad). To update this listing, a comprehensive review of relevant
air pollution data sources was conducted. Among these sources were:

. the United States Environmental Protection Agency’s (EPA’s) AP-42, Control
Techniques Guidelines, Alternative Control Technique documents, and other
reports on control equipment for criteria and hazardous air pollutants (HAPs, also
referred to as air toxics);

. the State and Territorial Air Pollution Program Administrators/Association of Local
Air Pollution Control Officials control technology reports;

. the California Air Pollution Control Officers’ Association’s Reasonably Available
Control Technology/Best Available Control Technology clearinghouse;

. standard air pollution references (e.g., the Air Pollution Engineering Manual),

. in-house control technology assessments previously prepared by E.H. Pechan &
Associates, Ine.; and

. recent technical literature including the Air and Waste Management Association
technical papers, periodicals, the internet, and telephone contacts (EPA, trade
organizations, and manufacturers).

The data gathered from these sources were used in developing descriptions of each
control technology and establishing the expected control efficiency range achieved in actual
practice. Where available, information on the costs of these controls, in terms of cost
effectiveness (annualized cost per ton of pollutant reduced, in 1995 dollars), was
incorporated into the control description. Information for most of the commonly used
equipment were well documented and based on in-depth studies. Data for less-used and
emerging technology equipment were often sparse and/or vague. In many of these cases, it
was necessary to apply professional judgment in establishing efficiency ranges and costs.
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An updated printout of CARB'’s database of point source air pollution controls is
contained in this report as well as descriptions of the control technologies, ranges of typical
operating control efficiencies, and available cost data. A limited effort was made to
incorporate information on point source control of air toxics. This effort included the
development of an appendix which lists all California air toxics and EPA HAPs and defines
each as a volatile organic toxic, a particulate organic toxic, a particulate inorganic toxic, a
gaseous inorganic toxic, or some combination of these categories. This toxics categorization
scheme can then be used to assign approximate control ranges for many of the control
technologies presented in this report.

During the study, researchers strived to provide estimates of reasonable upper and
lower bounds on the control efficiencies. Whenever possible, these ranges were based on test
data, however, in many cases, professional judgement was used to establish a reasonable
range. Therefore, the user should be cautioned that, in any given situation, a control
technology could achieve efficiencies outside of the estimated range. For assessments
dealing with permit review, risk assessment, and other regulatory studies, testing of the
source should be required.
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EXECUTIVE SUMMARY

The California Air Resources Board (CARB) is responsible for compiling a statewide
air pollutant emissions inventory and improving the inventory as necessary to meet its
objectives and those of its emissions inventory clients (e.g., local air quality districts). As
part of this process, CARB requires a comprehensive, up-to-date list of air pollution
controls that are used for reducing emissions from point sources and the accompanying
range of control efficiencies typically achieved for each pollutant.

The current list of control technology codes used by CARB was developed by the
United States Environmental Protection Agency (EPA) over 15 years ago for use in the
National Emissions Data System and does not include cost data. Due to the age of this
listing (hereafter referred to as the control technology database), a number of new
technologies do not appear, or have to be considered as being a part of a much more broad
category. In addition, the control efficiency data are outdated or the range is so broad that
the information is of limited value. Finally, the existing control data only apply to criteria
pollutants. CARB would also like to include information on control of air toxics (however,
only a small portion of the resources allocated to this project were to be used in assessing
control efficiencies for air toxics).

The contents of this report include: a printout of an update to the control technology
database; a description of the control technologies covered; ranges of typical control
efficiencies for each control technology; and available cost data range in terms of cost
effectiveness (i.e., annualized costs per ton of pollutant reduced, in 1995 dollars).

To update the existing control technology database, a comprehensive review of
relevant air pollution data sources was conducted. Among these sources were:

. the EPA’s AP-42, Control Technique Guidelines, Alternative Control Technique
documents, and other reports on control equipment for criteria and hazardous air
pollutants (also referred to as air toxics);

. the State and Territorial Air Pollution Program Administrators/Association of Local
Air Pollution Control Officials control technology reports;

. the California Air Pollution Control Officers’ Association’s Reasonably Available
Control Technology/Best Available Control Technology clearinghouse;

. standard air pollution references (e.g., the Air Pollution Engineering Manual);

. in-house control technology assessments previously prepared by E.H. Pechan &
Associates, Inc. (Pechan); and
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. recent technical literature including the Air and Waste Management Association
technical papers, periodicals, the internet, and telephone contacts (EPA, trade
organizations, and manufacturers).

The data gathered from these sources were used in preparing descriptions of each
control device, and establishing the expected control efficiency range and cost effectiveness
(in 1995 dollars) achieved in practice. Information for most of the commonly-used control
technologies were well documented and are based on in-depth studies. Data for less-used
and emerging technologies were often sparse and/or vague. In many of these cases, 1t was
necessary to apply professional judgment in establishing efficiency ranges and costs. In
some cases, costs could not be determined.

The air pollutants addressed in this study include three groups of particulate
matter. These are total suspended particulate, or TSP (referred to in this report as simply
“particulate matter,” or PM), particulate matter less than 10 microns in diameter, and
particulate matter less than 2.5 microns. The other pollutants addressed are oxides of
sulfur, oxides of nitrogen, carbon monoxide, total organic gases, reactive organic gases, and
air toxics.

While CARB desired to include available information on the efficiencies of various
technologies in controlling air toxics emissions, a limited effort was to be made in gathering
this data. To assist a user in assessing air toxics control efficiencies, a categorization
scheme was developed for toxics based on similar chemical and physical characteristics.
This categorization scheme involved grouping each California- or EPA-listed toxic in one or
more of the four following categories: volatile organic toxics; particulate organic toxics;
particulate inorganic toxics; and gaseous inorganic toxics.

Control efficiencies are presented for the primary pollutant that the technology is
designed to control. Some technologies may incidentally control other pollutants, and,
where data are available, efficiency ranges are presented. In general, control efficiencies
are expressed in whole numbers. Where sufficient documentation exists, control
efficiencies greater than 99 percent are expressed in tenths of a percent, however most are
expressed as ">99.0 %". For most equipment capable of operating at >39.0 percent
efficiency, there is usually a wide enough variation, that it is not practical to establish a
reasonable and representative upper level of control efficiency in tenths of a percent with
any certainty.

In the original CARB control technology database, five pollutants were addressed
and 95 control technologies were listed. The updated list addresses 12 pollutant types and
approximately 350 control technologies and control technology combinations.

The new control technology listing represents an improvement in that the range
between low and high control efficiency has been narrowed, in many cases, compared to the
previous version. Aside from the incorporation of new data, this is also due to several
other reasons:

1. the low end of control efficiency of many pieces of equipment has been increased
due to upgrades and more stringent specifications by industry in order to meet
more stringent regulations,
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2. broad control technology groups have been broken down into more specific types
of equipment/applications,

3. the addition of new, higher-efficiency control equipment developed in recent
years, and

4. the removal of some devices and/or control efficiency data because they were not
deemed to be primary control equipment for the pollutant identified, or no data
could be located on the equipment, most likely because the technology is no
longer widely-used.

During the study, researchers strived to provide estimates of reasonable upper and
lower bounds on the control efficiencies. Whenever possible, these ranges were based on test
data, however, in many cases, professional judgement was used to establish a reasonable
range. Therefore, the user should be cautioned that, in any given situation, a control
technology could achieve efficiencies outside of the estimated range. For assessments
dealing with permit review, risk assessment, and other regulatory studies, testing of the
source should be required.
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CHAPTER. INTRODUCTION

The California Air Resources Board (CARB) is responsible for compiling a statewide
air pollutant emissions inventory and improving the inventory as necessary to meet its
objectives and those of its emissions inventory clients (e.g., local air quality districts). As
part of this process, CARB requires a comprehensive, up-to-date list of air pollution control
technologies that are used for reducing emissions from point sources and the accompanying
range of control efficiencies typically achieved for each pollutant. Within this listing, each
control technology is assigned a three digit code referred to as a control technology code
(CTC).

The current control technology database used by CARB was developed by the
United States Environmental Protection Agency (EPA) over 15 years ago for use in the
National Emissions Data System (NEDS) and does not include cost data. Due to the age of
this listing, a number of new technologies do not appear, or have to be considered as being
a part of a much more broad category. In addition, the control efficiency data are outdated
or the range is so broad that the information is of limited value. Finally, the existing
control data only apply to criteria pollutants. CARB would also like to include information
on control of air toxics (however, only a small portion of the resources allocated to this
project were to be used in assessing control efficiencies for air toxics).

Point source control technologies for the following air pollutants are addressed in
this study:

+ three groups of particulate matter - total suspended particulate (TSP) (referred
to in this report as simply “PM”), particulate matter less than 10 microns in
diameter (PM10), and particulate matter less than 2.5 microns (PM2.5);

+ oxides of sulfur (SOx);

+ oxides of nitrogen {(NOx);

s carbon monoxide (CQO);

+ total organic gases (TOG) and reactive organic gases (ROG); and

+ air toxics grouped into four categories depending on physical and chemical
properties - volatile organic toxics (VOT), particulate organic toxics (POT),
particulate inorganic toxics (PIT), and gaseous inorganic toxics (GIT).

The methods and data sources used to conduct the control technology research are

described in Chapter II. Methods used to assess control efficiencies of air toxics are also
outlined in this chapter. Research results, including an overview of control technologies for

criteria air pollutants, are presented in Chapter III. A printout of the revised control
technology database, including the control technology name and the range of control
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efficiencies that can be expected during actual operating conditions, is presented in
Appendix A. Control technology descriptions and costs corresponding to the technologies
listed in the control technology database are presented in Appendix B. Both California
(Assembly Bill 2588) and Federal Clean Air Act Title III air toxics are classified as to toxics
type (i.e., VOT, POT, PIT, or GIT) in Appendix C.
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CHAPTER Il. METHODS AND DATA SOURCES

A. DEVELOPMENT OF POINT SOURCE CONTROL TECHNOLOGY INFORMATION

The point source control technologies database currently in use by CARB and
California air districts was developed by EPA over 15 years ago for use in the NEDS. By
1997, this database had become out of date (e.g., newer controls were not represented,
ranges of control efficiencies were overly broad). In addition, no information on the cost of
control technologies is included in the existing database. To update this listing, a
comprehensive review of relevant air pollution data sources was conducted. Among these

sources were:

. the EPA’s AP-42, Control Technique Guidelines, Alternative Control Technique
documents, and other reports on control equipment for criteria and hazardous air
pollutants (HAPs, also referred to as air toxies);

. the State and Territorial Air Pollution Program Administrators/Association of Local
Air Pollution Control Officials (STAPPA/ALAPCO) control technology reports;

J the California Air Pollution Control Officers’ Association’s Reasonably Available
Control Technology/Best Available Control Technology Clearinghouse;

’ standard air pollution references (e.g., the Air Pollution Engineering Manual);

. in-house control technology assessments previously prepared by Pechan; and

. recent technical literature including the Air and Waste Management Association

(AWMA) technical papers, periodicals, the internet, and telephone contacts (EPA,
trade organizations, and manufacturers).

The data gathered from these sources were used in preparing descriptions of each
control technology, and establishing the expected control efficiency range and cost
effectiveness (annualized cost per ton of pallutant reduced) achieved in practice.
Information for most of the commonly-used control technologies were well documented and
based on in-depth studies, however, professional judgement was still necessary, especially
in establishing control ranges for equipment combinations. Data for less-used and
emerging technologies were often sparse and/or vague; professional judgment was applied
in establishing efficiency ranges.

Cost effectiveness is expressed in 1995 dollars, unless otherwise noted. When cost
effectiveness data in the literature was based on a year earlier than 1995, escalation
factors were applied to convert to 1995 dollars. At times, the only available cost data were
expressed in units such as dollars/scfm or dollars/megawatt of electricity, and assumptions
and professional judgement were necessary to convert to dollars/ton of pollutant reduced.
In some cases, costs could not be determined. It should be noted that only 5% of the project
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effort was devoted to developing cost data. Actual annualized cost data may vary greatly,
depending on the specific case.

The air pollutants addressed in this study include three groups of particulate
matter. These are PM (i.e., TSP), PM10, and PM2.5. The other pollutants addressed are
S0x, NOx, CO, TOG, ROG, and air toxics {methods for establishing control efficiencies for
air toxics are given in the next section).

B. METHODS FOR ASSESSING CONTROL EFFICIENCIES FOR AIR TOXICS

As part of this project, a limited effort was made to include control efficiency data
for air toxics. Few controls are in use today that were designed specifically for the control
of air toxics. Control of toxics emissions is generally done with technologies originally
designed to control criteria pollutants [e.g., volatile organic compounds (VOC) and PM].
These controls are described in Chapter III and Appendix B. One recent exception is the
use of carbon injection technology for the control of mercury (Hg) and dioxin/furan
emissions from municipal and medical waste incinerators. Additional details on carbon
injection can be found in Appendix B.

For the purpose of assigning toxics control efficiencies to the various technologies
described in this study, it was necessary to characterize air toxics by the physical and
chemical properties that relate to their control (e.g., whether they are an aerosol or gas,
organic/inorganic). The first step to accomplish this was to expand the control technology
database by an additional eight fields to account for the upper and lower end of the
efficiency range for four toxics types:

. VOT - these are carbon-containing toxics that are typically encountered in a
gaseous state;

. POT - these are carbon-containing toxics that are typically encountered as a
solid or liquid aerosol or attached to other PM;

. PIT - these are toxics that do not contain a carbon atom and that exist as an
aerosol or attached to other PM; and

. GIT - these toxics do not contain a carbon atom and exist as a gas.

The second step was to assign each air toxic to one or more of the four types
described above. Pollutants listed as HAPs under Section 112 of the Clean Air Act and air
toxics listed in California’s AB2588 program are presented in Appendix C. In some cases, a
secondary type is listed, if the pollutant is known to exist as both types within air pollutant
streams. For example, many combustion preducts, such as dioxins, furans, and polycyclic
aromatic hydrocarbons (PAHs), are known to exist both in the vapor state, as well as being
bound to particulate matter. Where both primary and secondary types are listed, the
primary form is considered to dominate from the perspective of overall mass emissions.
Therefore, this type should be used to assign control efficiency ranges from the control
efficiency database.
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Various criteria were used in the assignment of each toxic to the four toxics types as
presented in Appendix C. Among these were previous experience working with emissions
of a toxics species, vapor pressure [e.g., >1 millimeters of Hg column @ 20 degrees Celcius
(°C)], and physical state at ambient conditions (or at elevated temperatures for combustion
products).

The control efficiencies assigned to the four categories (i.e., VOT, POT, PIT, and
GIT) are largely taken from applicable data for criteria pollutants. For example, control
efficiencies for VOT and POT are generally assumed to be comparable to the applicable
efficiency for TOG. Also, efficiencies for POT and PIT using PM control equipment are
generally assumed to be equivalent to the applicable PM10 efficiency.

Users should be extremely careful in assigning control efficiencies using the toxics
categorization scheme when dealing with toxics that can take on more than one form (see
Appendix C). Also, users should consult the technology descriptions or other literature to
ascertain whether the control technology is limited to certain species. For example, the
carbon injection control technology is listed as having control efficiencies for POT, PIT, and
GIT, however these control efficiencies have only been documented for dioxin/furans (i.e.,
not all POT) and Hg (i.e., not all PIT or GIT).

There are several limitations to the assignment of toxics into the four general types
and assumptions of control efficiency. Limitations include the following:

. inter-species variability within a toxics type: for example, some organic toxics are
more resistant to thermal oxidation than others. Hence, for a given temperature
and residence time some toxics will be combusted with a higher efficiency than
others. As an illustration, sample groupings of several toxics are shown in Table 1
(Pennington, 1996).

Group 1 compounds: require an oxidation temperature of 1,800 degrees Fahrenheit
(°F) or higher and a retention time of 0.5 to 1.0 second to achieve destruction
efficiencies of 99 percent or greater.

Group 2 compounds: these are halogenated compounds and require slightly longer
retention times than Group 1 to achieve 99 percent destruction. In addition,
additional scrubbing downstream may be necessary to control the resulting
hydrogen chloride gas of hydrochloric acid emissions.

Group 3 compounds: these are more difficult to destroy, requiring higher
temperatures (1,800 to 2,000 °F) and longer retention times (1 to 2 seconds) to meet
destruction efficiencies of 99 percent or greater. They may also require additional
scrubbing downstream.

. partitioning between phases and/or elemental forms: as mentioned above, some
toxics can exist as both a gas and an aerosol (particle). Important among these are

semi-volatile organics (such as some dioxins/furans and PAHs) and Hg.

Due to these [imitations, it is recommended that caution be used in assigning control
efficiencies to toxics species, and that the analyst consider use of the lower end of the
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reported range for conservatism. Also, for such uses as input to health and ecological risk
assessments, test data of the source under consideration should always be used instead of
the values in the current database. As more data specific to control of various toxics become
available, the database can be updated to reflect this improved data.

Table 1
Sample Air Toxics Grouped by Ease of Destruction

Group 1 Group 2 Group 3
Acetone Chloroform Glycol Ethers
Benzene Methylene Chloride Styrene
Ethylene Freon 113 Tetrachloroethylene
Methyl Ethyl Ketone 1,1,1-Trichloroethane

Methyl Isobutyl Ketone
Normal Butyl Alcohol
Propylene

Toluene

(adapted from Pennington, 1996)
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CHAPTER IIl. RESULTS OF CONTROL TECHNOLOGY
RESEARCH

A. METHODS OF AIR POLLUTION CONTROL

Methods for controlling air pollution from point sources include add-on controls,
process controls, and integrated controls:

1. Add-on control: This type of control typically includes a piece of equipment
(e.g., a baghouse) that is added to the exhaust stream.

2. Process control: A process control involves a change or modification to an
industrial process that would result in a reduction in the emissions generated
by a process (e.g., a change from top filling of fuels to bottom filling).

3. Integrated control: An integrated control is incorporated into the design of the
equipment that produces emissions (e.g., a low-NOx burner).

Modifications that are made to change how a product is produced or handled are in
the process control category; such as solvent recovery and re-use, change in fuel type, how
fuel is stored and delivered, and modifications to storage facilities, such as tanks. Usually,
a process control also implies at least some small benefit to the overall system (fuel or
product conservation, less toxic exposure for workers, etc.).

Integrated controls are equipment modifications that are made strictly for the
purpose of reducing emissions [e.g., burner design, flue gas recirculation (FGR)].

A general discussion of the types of point source control technologies used for
criteria pollutants is given below. For more detailed technology descriptions and listings of
the references cited, see Appendix B.

B. POINT SOURCE CONTROL EFFICIENCIES

A printout of the revised control technology database is given in Appendix A. The
results of this research effort provided a significant expansion in the coverage of point
source pollution controls. Some technologies from the existing database were dropped due
to inappropriate nomenclature, or because the technology had become obsolete and there
were no indications of current usage. Comparisons between the existing and revised
control technology databases are given in Table 2.
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Table 2

Comparison of Existing and Revised Control Technology Databases

Parameter Existing Database Revised Database
Pollutants Covered PM, VOC, NOx, SOx, CO  PM, PM10, PM2.5, TOG, ROG, CO,
NOx, SOx, VOT, POT, PIT, GIT

Add-on Controls 68 106
Process Controls 18 17
Integrated Controls 9 51
Control Combinations 0 181

Total Controls 95 355

The control efficiencies are presented in order of the primary pollutant that the
technology is designed to control. Some technologies incidentally control other pollutants
and, where adequate documentation exists, control efficiency ranges are presented. The
three-digit codes assigned to each control technology in the database are ordered by control
method and primary pollutant controlled as follows:

. 001 - 399

001 - 079
080 - 159
160 - 239
240 - 319
320 - 399

. 400 - 599
400 - 429
430 - 449
450 - 479
480 - 599
. 600 - 699

600 - 679
680 - 699

. 700 - 999
700 - 749

750 - 949
921 - 999

Add-on Control Technologies

PM, PM10, PM2.5
SOx

NOx

TOG, ROG, VOT
Open

Process Controls

PM, PM10, PM2.5
NOx

TOG, ROG, VOT
Open

Integrated Controls

NOx
Open

Control Combinations
NOx

PM, PM10, PM2.5
Open
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In general, control efficiencies are expressed in whole numbers. Some control
efficiencies greater than 99 percent are expressed in tenths of a percent, however most are
expressed as ">99.0%". For most equipment capable of operating at >99.0 percent
efficiency, there is often a wide variation in performance in the 99 to 100 percent range.
Therefore, with available data, it is not practical in most cases to establish a representative
upper level of control efficiency in tenths of a percent with any certainty. In cases where
good data was available to show an upper range of greater than 99.5 percent, this value
was selected for use in the database. Similarly when sufficient data showed an upper
range in excess of 99.9 percent, this value was selected. Due to the variability for many
controls, researchers did not feel that establishing efficiencies with intermediate values
(e.g., 99.3, 99.7) was warranted.

For the purpose of this study, the collection efficiency (the amount of emissions
delivered to an add-on control device divided by the amount generated by the source,
expressed as a percent) is assumed to be 100 percent. That is, the control efficiencies
reported are based on the amount of emissions actually treated by the equipment. The
control efficiencies also do not reflect a lower bound that could represent “upset conditions”
(i.e., all ranges are based on typical operating conditions).

During the study, researchers strived to provide estimates of reasonable upper and
lower bounds on the control efficiencies. Whenever possible, these ranges were based on test
data, however, in many cases, professional judgement was used to establish a reasonable
range. Therefore, the user should be cautioned that, in any given situation, a control
technology could achieve efficiencies oulside of the estimated range. For assessments
dealing with permit review, risk assessment, and other regulatory studies, testing of the
source should be required.

C. CONTROL TECHNOLOGY DESCRIPTIONS

Detailed descriptions on control technologies and available cost data are given in
Appendix B. The following subsections provide general descriptions of the more common
control technologies covered during this study.

1. PM Control Technologies

PM is generated by combustion and other industrial processes. In most cases, PM is
collected after it has been generated, hence, virtually all PM controls are add-on controls.

a. Precleaning Devices

Mechanical collectors are a broad class of PM control devices that use either gravity
settling and/or inertial impaction mechanisms to remove large and/or dense particles from
flue gas streams. Because their performance capability is limited to the removal of large
and/or dense particles from gas streams and regulatory requirements have become more
stringent, they are now used primarily as pretreatment devices to reduce the PM loading
on fabric filters, electrostatic precipitators (ESPs), and scrubbers. However, some types of
collectors may provide adequate control of PM for some applications as a stand alone
collection device or in series combination.
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There is great diversity in the design and operating principles of the various types
of mechanical collectors. Mechanical collectors include gravity settling chambers,
momentum separators, centrifugal collectors, and single and multiple cyclones.

b. Fabric Filters

Fabric filters are add-on controls that are used in a wide variety of industrial and
commercial applications to control primary PM emissions. Fabric filters remove dust from
a gas stream by passing the stream through a porous fabric. Fabric filters are frequently
referred to as baghouses because the fabric is usually configured in cylindrical bags.

When they can be applied to control PM emissions for a particular emission source (i.e.,
excessive heat or incompatible exhaust constituents are not present), fabric filters are
considered to provide superior control of fine PM relative to other control devices (e.g.,
ESPs and scrubbers).

¢. Gravel- or Granular-bed Filters

Gravel-bed filters were developed for use in controlling emissions from high-
temperature flue gas streams to remove fine PM and smoke particles. The advantage of
the gravel-bed filter relative to a fabric filter is its ability to tolerate high-temperature gas
streams containing combustible constituents and/or high moisture contents. The typical
set up involves drawing exhaust gas through a bed of pea gravel which traps the PM. The
bed is cleaned either continuously or intermittently depending on the design of the unit.
They are also used where control of fine PM would require a scrubber to operate at a high
pressure drop to obtain the same level of control.

‘An alternative design of the gravel-bed filter involves the use of a slow, moving bed
of granular rock as the filtration medium. To enhance collection efficiency, moving bed
filters have been electrostatically charged. Gravel-bed moving filters are also called
granular-bed moving filters.

d. Electrostatic Precipitators

ESPs are add-on control devices that are designed to remove PM from the flue gas
stream using electrical fields. ESPs may be designed and operated as dry or wet units.
Dry units typically are used to control large gas volumes, such as electric utility coal-fired
boilers. Wet ESP technology has been developed more recently than dry ESP technology.
Wet ESPs are used to control relatively smaller gas volumes than dry ESPs, and on flue
gas streams containing fumes or mist which may be difficult to contrel with a dry ESP or
fabric filter.

In an ESP, an intense electric field is maintained between high-voltage discharge
electrodes, typically wires or rigid frames, and grounded collecting electrodes, typically
plates. The most common ESP designs are wire-plate and wire-pipe collectors, but rigid
frame-plate designs are also used.

While several factors determine ESP collection efficiency, ESP size is most

important. Size determines treatment time; the longer a particle spends in the ESP, the
greater its chance of being collected. ESP size is also related to the ratio of the surface
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area of the collection electrodes to the gas flow (the specific collection area). Maximizing
electric field strength will maximize ESP collection efficiency.

e. Wet Scrubbers

Wet scrubbers are add-on control devices that are used to remove PM from gas by
capturing the particles in liquid (usually water) droplets, foam, or bubbles, and separating
the droplets from the gas stream. The droplets act as conveyors of the PM out of the gas
stream. With wet scrubbers, PM and soluble gases can be removed simultaneously. Wet
scrubbers capture PM through three primary mechanisms: (1) impaction of the particle
directly into a target droplet; (2) interception of the particle by the target droplet as the
particle nears the droplet; and (3) diffusion of the particle through the gas surrounding the
target droplet until the particle is close enough to be captured. Other scrubber collection
mechanisms include gravitation, electrostatics, and condensation. The dominant means of
PM capture in most industrial wet scrubbers is inertial impaction.

Wet scrubbers are classified by the method used to induce the contact between the
liquid and the PM. The major categories of wet scrubbers are: spray chamber scrubbers,
also referred to as spray towers; packed-bed scrubbers; tray-type scrubbers; mechanically-
aided scrubbers; venturi and orifice scrubbers; condensation scrubbers; and charged
scrubbers,

Wet scrubbers are used under circumstances where the contaminant cannot be
removed easily in a dry form; soluble gases are present; soluble or wettable PM is present;
the contaminant will undergo some subsequent wet process (such as recovery, wet
separation or settling, or neutralization); the pollution control system must be compact; or
where the contaminants are most safely handled wet rather than dry (i.e., where the dry
PM may ignite or explode).

f. Mist Eliminators

Mist eliminators are used to eliminate mist (fine liquid droplets) from carrying
pollutants out of scrubber stacks; however, they can also be used as stand-alone control
devices to control acid mists. There are two general types of mist eliminators: 1) blade-
type, consisting of one or more sets of parallel, chevron-shaped baffles (blades), and 2)
mesh-pad, which are made up of densely-packed layers of interlocked filaments. The
principal control mechanisms are inertial impaction and direct interception.

g. Fluid-Bed Dry Scrubbers

Fluid-bed dry scrubbers are used in the primary aluminum manufacturing industry
to control PM emissions from potroom prebake cells and anode baking furnaces. The dry
scrubbing system consists of a fluid-bed reactor with a fabric filter located on top of the
reactor.

h. Fuel Switching

Fuel switching to avoid generating PM is a potential process control, but has
historically been used to control emissions of NOx and sulfur dioxide (SO,). With the

Page 15



passage of the revised national ambient air quality standard covering PMZ2.5, this
technology may become more important in controlling PM emissions from combustion
sources (e.g., oil-fired boilers). Industrial, commercial, or institutional (ICI) boilers or
process heaters burning coal or oil can reduce PM emissions by switching to natural gas.
Switching from coal or oil to natural gas may require retrofit of burners.

i. Miscellaneous Controls

Several PM emission controls are generally considered to be area source controls
rather than point source controls, however, they are addressed here because of their
widespread use. Two controls used to reduce PM emissions from spray painting in spray
paint booths include water curtains and mat or panel filters. Water curtains are water
sprays through which paint booth emissions are drawn to remove PM. Alternatively, paint
booth emissions are controlled using mat or panel filters. Mat or panel filters are similar
to air filters used in residential heating and air conditioning systems.

Wet suppression is a temporary measure for controlling fugitive PM emissions from
unpaved surfaces, storage piles, and material handling. Typically, liquid sprays of water, a
water solution of a chemical agent (a surfactant or a foaming agent), oil, or micron-sized
foam are applied to control emissions. Wet suppression contrels emissions by
agglomeration (i.e., combining small dust particles with larger particles/aggregates or
liquid droplets) to prevent or suppress the PM from leaving the surface and becoming
airborne.

2. SOx Control Technologies

Sources of SOx emissions include, in decreasing order of significance, fuel
combustion for the generation of electricity, fuel combustion for industrial processes, and
emissions from metals production. The different grades of coal and oil combusted to
provide heat for boilers or industrial processes all contain some fraction of organically-
bound sulfur, as well as, in the case of coal, inorganic sulfur as pyrites. These sources of
sulfur form SO,, and, in lesser amounts, sulfur trioxide when heated in the presence of
oxygen.

Many nonferrous metals, such as copper, zinc, and lead, are derived from ores
containing sulfur compounds, which, when heated, form SO,. Coke production and the use
of coke in the ferrous metals industry also produce SO, emissions. Since SO, emissions
make up 95 percent or more of the total SOx emissions from combustion sources and SOx
emissions are commonly expressed as the SO, equivalent, SOx and SO, are used
interchangeably throughout this report.

There are three main approaches to reducing SOx emissions: pre-combustion
methods, control during combustion, and post-combustion methods. In-furnace sorbent
addition and flue gas desulfurization are add-on controls which attempt to control
emissions during and after combustion, respectively. Fuel switching and fuel cleaning are
pre-combustion process controls.
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a. Flue Gas Desulfurization (FGD)

The largest category of SO, control technologies is FGD, where the SO, is captured
after formation and removed from the waste gas stream. FGD systems fall into several
categories, including dry scrubbing, semi-dry scrubbing, and wet scrubbing. These
categories can be further divided into non-regenerable and regenerable systems. Most
systems introduce the SO,-containing waste gas flow to a sorbent, as a solution, slurry, or
solid, made up of materials which absorb and react with the SO,. After the sorbent has
absorbed and reacted with the SO,, the spent reagent is either regenerated or disposed.
Some processes are designed to yield a spent reagent that is a desirable product for which
there is a market, while others must be disposed. Some regenerable processes concentrate
the SO, and pass it on to one of several processes which produce liquid SO,, sulfuric acid,
or elemental sulfur.

b. In-Furnace Controls

Several combustion processes are being developed which allow reagents to be
introduced or injected directly into the burning fuel. These are known as dry sorbent
furnace injection and combustion-zone sorbent addition, With these technologies, the aim
is to introduce a material which will react with the SO,, while avoiding the intense heat of
the combustion zone which renders many reactive materials ineffective or less effective.
The introduction of the sorbent directly to the combustor allows for longer reaction times
between the SO, and the reagent, and can reduce the complexity of a sorbent injection
system.

c. Fuel Switching

In fuel switching, a low-sulfur fuel is used as a replacement for a fuel with a higher
sulfur content. Switching from coal to oil or natural gas for power generation or for certain
industrial processes was popular before the early 1970's when economic and legislative
restrictions made it a less attractive SO,-reducing technique. However, co-firing of coal
and oil with natural gas has been applied in some situations. High- to low-sulfur coal
switching remains popular as an SO, reduction method, though it is not applicable in all
cases due to low-sulfur coal transportation costs, or combustor inflexibility. In some cases,
it has been possible to extend the service life of a high-emitting combustion process by
adding just enough low-sulfur coal to the established supply of high-sulfur ccal, along with
some combustor modifications, to achieve a mandated emissions level.

d. Fuel Cleaning

Fuel cleaning methods have been used to reduce the amount of sulfur in coal before
it is combusted in order to lower SO, emissions. Sulfur exists in coal in two different
forms, inorganic and organic, and each requires a different cleaning technique. Inorganic
sulfur in the form of pyrites {(compounds of sulfur and iron) is found in most coals, and this
is removed mainly by physical means. Often, these processes consist of coal being crushed
and screened by density or surface property differentiation using water or air. Chemical
cleaning, in which the organic sulfur in coal is removed, is still in the development stage,
and has not yet been extensively used in commercial applications.
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3. NOx Control Technologies

NOx emissions are generated by stationary sources as a product of combustion or as
a stack gas product of a chemical reaction in which NOx assumes the role of either one of
the reactants or products. Combustion sources are the predominant NOx generators and,
consequently, the majority of the control technologies are designed for combustion sources.

Combustion NOx is formed via three basic mechanisms: thermal NOx, fuel NOx,
and prompt NOx. Of the three, combustion NOx control addresses thermal and fuel NOx.
Prompt NOx is typically short-lived and requires a very fuel-rich flame. Therefore, prompt
NOx controls are not addressed.

The formation of NOx by combustion processes is dependent upon four conditions:
the concentration of oxygen at the flame, the peak flame temperature, the residence time of
the combustion gases at the flame temperature, and the nitrogen content of the fuel.

The control of NOx from combustion processes is divided into three different strategies:
modifications of the combustion process or equipment (integrated controls), treatment of
flue gas (add-on controls), and fuel modification (process control). Techniques used for
NOx control are dependent on the mechanism of NOx formation, the point at which the
control strategy is initiated within the combustion process, and the emission source
configuration.

a. Combustion (Integrated) Controls

Combustion modifications are proven control techniques that reduce thermal NOx
formation by modifying the combustion process to quench combustion gases or to lower
oxygen availability and shorten residence times at high temperatures. Several types of
combustion modifications used for reducing NOx emissions are low excess air firing, over
fire air (OFA), and FGR. Combustion modifications such as these, are intended to reduce
the formation of NOx during the combustion process by:

1) restricting the availability of combustion oxygen, and/or
2) quenching the combustion flame temperature.

The restriction of combustion oxygen has the potential of providing a reducing
environment during the combustion process and lower peak flame temperature, thereby
decreasing the formation of both fuel and thermal NOx. However, the use of aggressive
combustion modification, while reducing the formation of NOx, can increase the emissions
of carbon monoxide and hydrocarbons. Currently, these modifications are being used on
sources such as electric utility boilers, commercial and industrial boilers, and glass melting
furnaces.

There are other combustion modifications capable of achieving even greater
reductions. These include low NOx-burners for boilers and heaters, and pre-stratified
charge systems for reciprocating internal combustion engines. These modifications reduce
the formation of NOx by precision control of the combustion process through more
advanced combustion technologies and are often designed to provide acceptable
performance with low NOx formation. Low NOx burners may incorporate different
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combustion control technologies such as flue-gas recirculation and staged combustion as
well as improved air/fuel mixing capabilities into one design.

The pre-stratified charge technology introduces an air/fuel charge to the combustion
chamber of reciprocating internal combustion engines that is stratified into a large-volume,
lean-fuel mixture zone and a small-volume, rich-fuel mixture. Upon compression of the
stratified charge, the ignition of the rich-mixture zone provides a hot flame front to ignite
the lean-fuel mixture. The resulting combustion process has a reduced peak flame
temperature with stable combustion at lean-fuel mixtures approaching the lower
flammability limit. Combustion modifications can be used independently or in combination
with other control technologies.

b. Exhaust (Add-on) Controls

Add-on control techniques that reduce NOx emissions downstream of the
combustion zone are also avatlable. These include selective catalytic reduction, selective
non-catalytic reduction, non-selective catalytic reduction, and catalytic
oxidation/absorption. In the first three technologies, NOx is reduced to nitrogen and water.
For catalytic oxidation/absorption, all of the NOx is oxidized to nitrogen dioxide (NO,)
which is then scrubbed from the exhaust.

¢. Process Controls

Different fuels produce different amounts of NOx for a given amount of energy
released in the combustion process. This is due to differences in methods of combustion
and chemical composition, including fuel nitrogen content. Generally, with respect to NOx
and other pollutant emissions, natural gas burns cleaner than petroleum distillate fuels,
which burn cleaner than residual fuels, which burn cleaner than solid fossil fuels. Fuel
switching can be an effective method of emission reduction for many applications.

4. CO Control Technologies

Good combustion practices on combustion point sources are assumed and are not
considered an air pollution control method for this study. Add-on technologies, such as
catalvtic and non-catalytic oxidizers (see next section) are assumed to control CO emissions
with the same efficiency as VOC.

5. TOG and ROG Control Technologies

Most control efficiency data found in the literature are related to the control of
VOCs, which are a component of TOG. VOCs include all organic compounds with
appreciable vapor pressures. Except for methane, ethane and a number of halogenated
compounds identified by EPA as non-reactive, CARB considers all organic gases to be
reactive; or ROG. Virtually all of the reviewed literature sources on control equipment
simply refers to the group of VOC, ROG, and TOG as VOC. Hence, the control efficiency
ranges for TOG and ROG presented in this report are assumed to be equivalent to the VOC
ranges reported in the literature. Many VOC species are toxic and are referred to in this
report as VOT (described further in the air toxics section below).
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In cases where information is available on non-chlorinated VOCs and chlorinated
VOCs (CVOCs), this is presented in the description of the specific control equipment
presented in Appendix B. In cases where a piece of equipment is capable of destroying
both, the control efficiency of the non-chlorinated VOC is typically at the upper end of the
range and the CVOC destruction efficiency is at the lower end of the range.

a. Add-on Controls

There are four basic types of add-on controls used to control VOCs: combustion,
adsorption, condensation, and absorption. Several new technologies use innovative
variations of these basic methods.

Combustion- Combustion, also referred to as oxidation or incineration, is used to
destroy VOCs; hence another term for control efficiency by combustion is destruction
efficiency. Complete combustion depends on an adequate supply of oxygen, sufficiently
high temperature to ignite the waste-fuel mixture, turbulent mixing of the waste-fuel, and
sufficient residence time for the reaction to occur.

Devices which use straight combustion to destroy VOC include direct flame thermal
oxidizers (incinerators, afterburners) and flares. Because of economics, most combustion
devices employ some type of heat recovery to transfer heat from the exhaust gas to the
entering waste gas. This is usually in the form of a heat exchanger. Thermal oxidizers so
equipped may also be described as "recuperative.” Another class of oxidizing equipment
known as regenerative thermal oxidizers use a high-density media (e.g., ceramic-packed
bed) still hot from a previous cycle to preheat the incoming VOC-laden stream.

Some oxidizers use a catalyst to increase the rate of reaction, reduce the
temperature required to produce complete combustion, and reduce the required reactor
volume. Most thermal oxidizer designs also have a catalytic counterpart, such as catalytic
oxidizers, regenerative catalytic oxidizers, and fluidized bed catalytic oxidizers. Catalytic
combustion devices also typically use some type of heat recovery.

Adsorption- Adsorption occurs when organic molecules are captured on the surface
of a micro-porous solid such as activated carbon. Adsorption may be physical and/or
chemical. Other suitable media (adsorbents) include hydrophobic zeolites, silicates,
aluminas, aluminosilicates (molecular sieves), and synthetic resins. These substances have
a very porous structure, and with their large exposed surface, can take up appreciable
volumes of various gases. The extent of adsorption can be increased further by "activating”
the adsorbents in various ways. Activation removes impurities and exposes a larger free
surface for potential adsorption. Activated carbon is the most widely used adsorbent.

An adsorption device is typically a two-bed system. VOC-laden air is passed
through one bed at a time and treated. Over time, the pore spaces begin to fill. To
maintain constant high efficiency, the bed is taken offline and the gas shifted to the other
bed before saturation (or "breakthrough”) occurs.

Typically, the saturated bed is regenerated, or desorbed with steam. The effluent-

steam mixture can be condensed, and, if there is sufficient value, the solvent can be
recovered by decanting and/or distillation. The bed may also be desorbed by reducing the
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pressure (vacuum desorption). In some cases, the spent adsorbent may be replaced and
regenerated offsite.

Condensation- Condensation is the process of converting a gas to a liquid. This is
typically accomplished by lowering the temperature. Condensers are simple devices that
normally use water for cooling, but may use other heat-exchange media (e.g., chlorinated
fluorocarbons). Condensers may be indirect (“surface condensers”) or direct contact. In
surface condensers, the cooling medium and vapor/condensate are separated by a surface
area (e.g., shell and tube). In direct contact condensers, the vapors and cooling medium are
intimately mixed and combined. Typical contact condenser types are barometric and jet.
The disadvantage of contact condensers is that the condensate cannot be reused and
further treatment or separation may be necessary. Most condensers used in air pollution
control are surface condensers.

In refrigerated condenser systems, mechanical refrigeration is used for cooling.
These systems include a refrigeration unit, a heat exchanger/evaporator, storage for the
chilled and defrost brines, and a surface condenser. Cryogenic condensers use the cooling
value of liquid nitrogen in a surface condenser to recover VOCs emitted during
manufacturing processes. The system condenses VOC emissions by vaporizing liquid
nitrogen to provide the cooling source to indirectly cool the process stream to low
temperatures. Cryogenic condensation is best suited to industries that already use
significant quantities of liquid nitrogen in their normal processes for inerting, blanketing,
and purging.

Absorption- Absorption is used for VOCs and inorganic gases. It is, however, more
commonly employed for inorganic gases [e.g., hydrogen sulfide, ammonia (NH,), chlorides,
and fluorides] than for organic vapors.

Water is typically the preferred solvent for inorganic vapor absorption. Itis
typically used on a once-through basis and then discharged to a waste-water treatment
system. The effluent may require pH adjustment to precipitate metals and other
components as hydroxides or salts; these are typically less toxic and can be more easily
disposed.

VOC control by gas absorption is generally limited to packed or plate towers and for
relatively high VOC concentrations [approximately 1,000 parts per million by volume
(ppmv) and higher] of readily water soluble organics (most alcohols, ethylene oxide, organic
acids, aldehydes, ketones, amines, and glycols).

Another consideration is the treatment or disposal of the material removed from the
absorber. This must be addressed to effect complete control. In most cases, organics are
stripped out (desorbed), either at elevated temperatures and/or under vacuum and then
must be recovered as a liquid by a condenser. The stripped vapor may also be destroyed by
incineration. In some cases, water containing absorbed VOCs is treated by other direct
means, such as ozonation, chemical neutralization, or chemical oxidation.

New Add-on Control Technologies- The first example of a commonly-emploved

new technology for VOC control is biofiltration. The mechanism of biofiltration includes a
combination of adsorption, absorption, and microbial degradation. Vapor-phase organic
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contaminants are passed through a bed of biologically active material, (primarily mixtures
based on soil, compost, or peat) and sorb to the material surface, where they are degraded
by microorganisms in the material.

Another example of a new VOC technology is ozonation with enhanced carbon
adsorption. This technology is an enhanced carbon adsorption system that combines wet
scrubbing, carbon adsorption, and ozone reaction to remove organic vapors from an
airstream.

The third new VOC technology is ozonation with catalytic oxidation. This gaseous
ozonation system employs a catalytic reactor to oxidize VOCs using small amounts of ozone
at relatively low temperatures (160 to 220 °F).

Another new technology is flameless thermal oxidation (FTO). FTO is used for
destroying VOCs in process and waste stream off-gas treatment and in the treatment of
VOCs and CVOCs from off-gases from soil remediation. FTO uses a heated packed-bed
reactor filled with inert ceramic pieces maintained at 1,600 to 1,850 °F. The packed bed
generates a uniform thermal reaction zone where oxidation of organic compounds occurs
and flame propagation is prevented.

The High Energy Corona (HEC) process uses high-voltage electricity to destroy
VOCs at room temperature. The primary system components are an HEC reactor in which
VOCs are destroyed and a secondary scrubber. The HEC reactor is a glass tube filled with
glass beads. A high-voltage electrode is located along the centerline of the reactor.

Silent Discharge Plasma Technology (SDPT) is an oxidation and reduction process
that uses a pulsed electrical discharge system to create highly-reactive free radicals that
decompose organic compounds in airstreams.

In photocatalytic oxidation, VOCs or CVOCs are trapped on the surface of a
proprietary catalytic adsorbent. The trapped contaminants are catalytically destroyed
(oxidized) by ultra-violet light on the adsorbent, which continuocusly regenerates the
adsorbent.

b. Process Controls

Depending on the process, certain modifications can be effective in controlling
VOCs. These include substituting materials to low or no-VOC types, changing the methods
by which organic liquids are applied, stored and transferred, and making other operational
changes.

6. AIR TOXICS CONTROL TECHNOLOGIES

As previously mentioned, a limited effort was made to include control efficiency data
for air toxics. Nearly all of the control technologies in use for control of air toxics were
originally designed to control VOC or PM and are described in the appropriate sections
above and in Appendix B. To provide the control technology user with a sense of the
potential for control of air toxics, a method was outlined in Chapter II to estimate the
potential for control of individual toxics using a VOC or PM10 control method.
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Researchers included a relatively new technology, carbon injection, in the database
that was specifically-designed to control emissions of Hg. This add-on technology is being
used in municipal and medical waste incinerators to control both Hg and dioxin/furan
emissions (see Appendix B for more details).
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ACRONYMS AND ABBREVIATIONS

Aerometric Information Retrieval System/ Facility Subsystem
Air and Waste Management Association
burner out of service

benzene, toluene, ethylbenzene, and total xylenes
degrees Celsius

California Air Resources Board

control efficiency code

cubic feet per minute

centimeter

carbon monoxide

Control Equipment Code

Control Technology Code

chlorinated volatile organic compound
dry electrostatic precipitator
dimethylanaline

United States Department of Energy
United States Environmental Protection Agency
Electric Power Research Institute
electrostatic precipitator

degrees Fahrenheit

fluidized bed catalytic incineration

flue gas desulfurization

flue gas recirculation

flameless thermal oxidation

gaseous inorganic toxic

hazardous air pollutants

hydrogen chloride gas or hydrochloric acid
High Energy Corona

mercury

hour

industrial, commercial, and institutional
inch

pound

low excess air

low emission combustion

lower explosive limit

low NOx burners

methyl ethyl ketone

million British thermal units

National Ambient Air Quality Standards
National Emissions Data System

(Continued)
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ACRONYMS AND ABBREVIATIONS (Continued)

NH, ammonia

NO, nitrogen dioxide

NOx oxides of nitrogen

NSCR non-selective catalytic reduction

OFA over fire air

Pechan E.H. Pechan & Associates, Inc.

PAH polycyclic aromatic hydrocarbon

PCE perchloroethylene

PIT particulate inorganic toxic

PM particulate matter (total)

PM10 particulate matter less then 10 microns in diameter
PM2.5 particulate matter less then 2.5 microns in diameter
POT particulate organic toxic

ppm parts per million

ppmv parts per million by volume

psi pounds per square inch

ROG reactive organic gas

RTO regenerative thermal oxidation

RCO regenerative catalytic oxidizer

scfm standard cubic feet per minute

SCR selective catalytic reduction

SDPT Silent Discharge Plasma Technology
SNCR selective noncatalytic control reduction
SO, sulfur dioxide

SOx oxides of sulfur

STAPPA/ALAPCO State and Territorial Air Pollution Program Administrators and
Association of Local Air Pollution Control Officials

SVE soil vapor extraction

TCE trichloroethylene

TNMOG total nonmethane organic gases
TOG total organic gases

TSP total suspended particulate

um micrometers

vOocC volatile organic compound

VOL volatile organic liquid

vOoT volatile organic toxic
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APPENDIX A: CONTROL TECHNOLOGY DATABASE

The control technologies are identified by a three-digit CTC and are ordered by
control method and primary pollutant controlled. For reference purposes, the old Control
Equipment Code (CEC) from the previous published Turnaround Document (TAD) Manual
for each CTC, where applicable. Additional information on the control efficiency ranges,
applications, and cost effectiveness is presented in Appendix B. Data on the classification
of air toxics (i.e., VOT, POT, PIT, and GIT) are presented in Appendix C.

001 - 399 Add-on Control Technologies
001 - 079 PM, PM10, PM2.5
080 - 159 SOx
160 - 239 NOx
240 - 319 TOG, ROG, VOT
320 - 399 Open

400 - 599 Process Controls
400 - 429 PM, PM10, PM2.5
430 - 449 NOx
450 - 479 TOG, ROG, VOT
480 - 599 Open

600 - 699 Integrated Controls
600 - 679 NOx
680 - 699 Open

700 - 999 Control Combinations
700 - 749 NOx
750 - 949 PM, PM10, PM2.5
Where;
750 - 767 Gravity Collector + Other
768 - 784 Momentum Separator + Other
785 - 802 Centrifugal Collector + Other
803 - 844 Single Cyclone + Other
845 - 870 Multiple Cyclone + Other
871 - 880 ESP + Other
881 - 891 Fabric Filter + Other
892 - 915 Wet scrubber Combinations
916 - 920 Mist Eliminator Combinations
921 - 999 Open

The control efficiencies assigned to the four categories (i.e., VOT, POT, PIT, and

GIT) are largely taken from applicable data for criteria pollutants. For example, control
efficiencies for VOT and POT are generally assumed to be comparable to the applicable
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efficiency for TOG. Also, efficiencies for POT and PIT using PM control equipment are
generally assumed to be equivalent to the applicable PM10 efficiency.

Users should be extremely careful in assigning control efficiencies using the toxics
categorization scheme when dealing with toxics that can take on more than one form (see
Appendix C). Also, users should consult the technology descriptions in Appendix B or other
literature to ascertain whether the control technology is limited to certain species. For
example, the carbon injection control technology is listed as having control efficiencies for
POT, PIT, and GIT, however these control efficiencies have only been documented for
dioxin/furans (i.e., not all POT) and Hg (i.e., not all PIT or GIT).
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